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REPORT No. 236

TESTS ON AIRPLANE FUSELAGES, FLOATS AND HULLS

By Warter S. DierL

SUMMARY

This report is a compilation of test data on airplane fuselages, nacelles, airship cars, seaplane
floats, and seaplane hulls, prepared by the Bureau of Aeronautics, at the request of the National
Advisory Committee for Aeronautics. The discussion of the data includes the derivation of a
scale correction curve to be used in obtaining the full scale drag. Composite curves of drag
and L/D for floats and hulls are alco given.

INTRODUCTION

In order to make an accurate estimate of the probable performance of an airplane, the para-
site drag must be known. ¥hen wind tunnel test data are not available, this parasite drag must
be obtained by some process of summation, and in such a process one of the largest and most
uncertain items is the drag of the fuselage, or similar parts, such as the nacelles, hull, or floats.
The usual practice is to compare the desired design with other and similar designs for which test
data are available.

In 1922 the Bureau of Aeronautics compiled all of the wind tunnel test data then available
on fuselages, hulls, nacelles, and floats, into a form which was convenient for ready reference.
This compilation was of such value that the National Advisory Committee for Aeronautics has
seen fit to request its release for publication as the first of a series of reports, giving wind tunnel
test data of this type in condensed form.

For convenience in reference the models have been divided into seven groups, each desig-
nated by a letter as follows:

A.—Airplane fuselages.
B.—Airplane fuselages with appendages.
C.—Nacelles.
D.—TFins.
E.—Airship cars.
F.—Seaplane floats.
G.—Seaplane hulls.
Each model is designated by a group letter and a number, thus A1, i. e., airplane fuselage

No. 1, or F4, float No. 4. :
TEST DATA -

For each model the source of the test data, the size of the model, and the test speed are given
in addition to the test data. Whenever practical, the drag is given in pounds and pounds per
square foot at some specified wind speed.

The data from British tests are frequently in the form of normal force Z and longitudinal
force X. When necessary these can be converted to lift and drag by the usual formulas:

L=27 cos—X sin 6 (1)

D=Xcosf+7Z sin @

Where ¢ is the angle of pitch.
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Corrections for pressure drop along the wind tunnel axis have not been applied to any of the
test data in this report. Since it would rarely be more than the experimental error, the omission
of this correction is apparently justified for all models which deviate appreciably from the con-
ventional streamline forms. For example, on the float F1 the maximum possible correction for
pressure drop at 58.7 . p. s. is about 0.0007 pound, while the actual correction is somewhat less,
due tolocation of model during tests. Since the measured drag of F1 at 58.7 f. p. s. was 0.0627
pound, the correction would be of the order of 1 per cent.
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SCALE EFFECT

Taking the product of the velocity V by some characteristic length I as the “scale” the
lift may be assumed to vary as the square of the scale. That is:

L= K, (VD (3}

where K is a constant for each model.

The drag does not vary as the square, but as some lesser power of the scale. Figure 1 is
& logarithmic plot or drag against speed for all models tested at more than one speed. The
stopes of the lines with the corresponding exponents are given in the following table:



TESTS ON AIRPLANE FUSELAGES, FLOATS AND HULLS 133

VELOCITY EXPONENT IN THE DRAG EQUATION
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The average value of the exponent so found is n=1.90. While this strictly ‘applies to the
velocity only, it may be assumed for variation in length also. The drag equation may there-
fore be written as

D=EK, (V) (4)

where K, is a constant for each model.
T4 will probably be found more convenient to use instead of equation (4):

Tiy
D=E, D, <—lem) -
where K, is the scale correction factor given on Figure 2, I}, the observed model drag at V7,7,
and D the full scale drag at V1.
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F15.2.—Drag correction factors for fuselages, hulls, floats, ete. Based on the assumption that I cc V'1-#
Di=ED; (%i)z Where Di=Drag at Vi, and Ds=Dragat Fils

In converting model data to full scale values, any length on the model such as maximum
diameter, overall length, etc., may be used to determine the scale, provided that the same
geometrical length is used for model and full scale. The use of overall length is recommended,
howsver. '

The square of a length has the dimensions of area so that the maximum cross-sectional
area may be used instead of I? if desired.
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COMPOSITE CURVES FOR FLOATS AND HULLS

The drag curves for different floats and hulls differ so little, one from another, that a com-
posite curve may be drawn to represent within comparatively narrow limits the drag for all
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Fi6. 3.—Composite resistance curve for seaplane floats and hulls

such models. This curve is given on Figure 3. Knowing the drag for 0° pitch of the deck
line, the drag for any normal pitch angle is readily obtained from this curve.

The lift curves are also similar, so that a composite curve for L/D may be drawn as in
Figure 4.
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The curves of Figures 3 and 4 apply to any form which approximates to a streamline and
which does not have too many appendages. From the limited data available there is reason

to believe that the same, or at any rate similar, curves will apply to all body lines of the average
or better types.
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n, /b LI80 1850 2770 3800 ﬂ /o3 L0413 .0862 .0953 .1283 ./650
D/S lbjsq. . .4370 8950 (0154 (3971 /s, bfsq.ff. 2350 4730 .6810° 9164 /. 1780
=~
4 0.08 0.8 043
, BN
§
Qs 2o/ | 0.06 0.7 Z 05y
~ 8 =~ LTS
S ;j\;‘l: / | X4 5
o) - T g
; 7 7 oA
gf‘ / 004 g as // a.2 N
N S 3 e I
o
§ AR Z g 8 7z 2
E/ — 0.025 §0.5 7 0./\.‘
R - & Q.
;: L 3 / v
=0 1 o4 [
N é
- “
B
—/ o [ o [ =4 0"3 -] Qo E
« ag° 4 8 e /6 o 4 &° 12° 16° 20° C
Angle of pitch Angle of pitch 3
Lift and drag on F~5-L seaplane hull. V=587 f. p.s. (Refl Forces and moments in piteh on hull. V=401 p.5. {(Rel. R.and M

W. T. R. No. 83) No. 223}



TESTS ON AIRPLANE FUSELAGES, FLOATS AND HULLS

GE s

2.9/ 7+

144 4444+

§=./700sq.f+
V fps 40 50  60- 70 80
Q0273 0445 .0645 .0877 .[130
17/5 /b/sqff /605 2618 3794 5159 .6647

a.5 0.20
/

0.4 / 0.16
o3 7 / 0.728
s 1374 g
£y AP g
J0.2 0.085

a./ 0.04

a — | o
=5° o° 5° /g° 15° T 20°
Angle of piich ;
Liftand dragon R. A. E.seaplape hull. ¥=40f. p.s. (Ref. R.and M.

No. 461)

0° pitch ord yaw S 2760 sq. ﬁ‘
V, fps. 30 <0 50 70

D, B 0414 0711 .[108 /56‘2 2/30 2595
D/S, b jsq.ff. f500 2576 4014 5659 7717 .5762

Drag on F-3 seaplane bull. (Ref. R. and M. No. 461)

0° pitch and yaw &= 237sq ff
Y Zps. 30 40 S0. 6@ 70

I, /6. 0285 .0488 .0750 ./071 ./449 /880
DS, 1b/sq.ft 1203 2059 .3165 4513 6114 (7832

Drag on N—4 seaplane hull. (Ref. R. and M. No. 461)

D, /b
J)/S Ibjsq.ft. 1665 3198 4918

149

0 5 3’

i E I
g g g oa

G° pitch ond yaw

V, fp.s. 30 40 50 60 70 80
With cabin S§=.257 s

810 2478 3233
7043 ,8642 12580
S=’./84sq.ﬁ.
0300 .0505 0775 ./11F (1502 /976

D/S /b/sq . L1830 2745 4212 6038 .5163 (0739

Drag on NT-2B seaplane hull. (Ref. B. and M. No. 461)

68 (T
> =’; IIOU
"234 55‘7‘9’9

a Fal
Lirirey

0428 0822 /264
Without cabir

a pn‘ch and yow 5=./86 sq ff.
3 60 70

5. 0 50
i o0 e s 0 i a0
D8 sqr 500 S5 Ghia K955 Hask 5%

Drag on 30-foot A, D. seaplane hull. (Ref. R. and M. No. 461}

o) 8
N — S
i ———
! T
g & 3.967"
TS
5 b &’
O° pitch and yaw S§'=.2520 sq.
pr.s 30 <0 50 &0 70 80
0313 0532 .082f 1171 .15S! 2057

D/S/b/sqff 242 2fHf 3258 4647 6313 5139

Drag on N—44A seaplane hull. (Ref. R. and M. No. 461)

-3.833+

apRRRp b !

§=.207 sq.7t
70 &a

O° pitch ond yow
V, fp.s. 30 <0 s50. 60
tine AB parallel fo wind
0328 0588 .0903 .t284 .1733 .2E53
D/S /b/sq ft 1589 .284] 4362 .8203 .8372 10884
Line CB parallel fo wird
0387 .0635 .0978 ./397 ./853 .2420
IJ/S 78, /sq.7T. /773 .3068 4725 6749 .8952 [.1891

Drag on P-5A seaplane bull. (Ref. R. and M. No. 461)
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A ~— T g
. ; —p

G/I3 ¢ ~—T
o .5 .3.4?33’
Modificotion (angles filled i)

aBpRRaRD Y

Q°pitch and yaw §=207 sq.ff.
V, fps. 3Q 49 50 60 70 80
£=5 Line AB poralfel to wind

/b. L0288 .0492 0750 1073 1420 ./828
D/S /b/sq ﬁ 11396 2377 .3623 .5184 6860 8831
Line CD paralle! fo wind
03/3 .0549 .05/5 .I[50 ./586
D/S /b/sq 7 1512 2652 3337 5556 7565
P-5 (mod/f/ed ') Line AB poralfel fo wind
0282 0488 0750 /060 .!440 /840
.D/S b, Jsq.ft. 1362 2357 .3623 .5/2] .6957 -8883
P-5 (modszed} Line €D parolie/ fo wind
D, 1 292 0508 0785 .//30 .t529 ./9598
D/S 75, /sq.11. /4// 2459 3792 .5459 .7385 .9652

Drag on P-5 and P-5 (modified) seaplane hulls, (Ref. R, and M
No. 461)

(g4

§=./39 sq. 1.

é%éé g @

Q°oHch ond yow 8§ =./44 sq.f1.

V f ps 20 40 50 60 70 80
2510 0442 063/ .0994 .}380 /768

D/S b /sq.ft 1743 3069 4799 .6903 .9583 12278 *

Drag on NT-T seaplane hull. (Ref. R. & M. No. 461)

Q°pitch ond yaw

Y zps. 30 50 60 70 &0
0218 .0372 .0553 0794 .1070 /400
D/S’ /b/sqr’f /56‘8 ‘2676 .3978 .5712 .7698 0072

Drag on Supermarine N-1B hull. (Ref. R. and M. No. 461)



